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DETAILED DESCRIPTION 



Petailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the technique and structure of generally reducing the 
capacity during a narrow wiring of the spacing of an integrated circuit, and the capacity of a silicon trench separation. Especially 
this invention suppresses the crack under hardening of a hydronalium ******** sesquioxane (HSQ) thin film, obtains the 
resistance force to high temperature processing, and relates to the technique of increasing the porosity of HSQ and reducing 
specific inductive capacity. 
[0002] 

[Description of the Prior Art] An integrated circuit has many which need the multilayer interconnection of no less than seven 
layers for demanding the wiring with a very narrow spacing gradually, and wiring various circuits on a device. Since the capacity 
during a contiguity wiring will increase if a spacing is narrow, if the geometry of a device contracts and a density increa.ses, the 
capacity and the cross talk during a contiguity wiring will pose a problem much more. Therefore, it is becoming desirable 
gradually to offset this inclination using the material with low specific inductive capacity, and to make capacity during a nan'ow 
wiring of a spacing low. 

[0003] Although wiring capacity is an amount distributed in a wiring, two elements, i.e., a wiring pair substrate, i.e., wiring pair 
grand capacity, and the capacity between wirings are dominant. When a design rule is super-large-scale integration 0.25 microns 
or more, a performance is governed by wiring RC retardation and the capacity between wirings is most contributed to the total 
capacity. For example, it is shown by the theoretical modeling that the capacity between layers becomes low so that the total 
capacity will be decided with the capacity between wirings which constitutes the 90% or more, if scale down of width of face/the 
spacing is carried out at 0.3 microns or less. Therefore, the total capacity is reduced very effectively only by reducing the capacity 
between wirings. 

[0004] Si02 in which the dielectric (IMD) between metals of the conventional technique has about 4.0 specific inductive capacity 
typically it is . It is desirable to replace this material by the material with low specific inductive capacity. Low specific inductive 
capacity, i.e., low k, means about two or less material preferably in the desirable pan lower than 3 with specific inductive capacity 
lower than about 3.5 so that it may be used here. The material with specific inductive capacity low with regrettable has the 
property which makes it dilficult to integrate to established integrated-circuit structure and an established process. Many polymer 
materials, such as poly-sill sesquioxane, a parylene, a polyimide, a benzo cyclobutane, and amoiphous Teflon, have low specific 
inductive capacity. Other desirable materials are the aerogels and xerogel which are typically made from a tetrapod etho\7 silane 
(TEOS) stock solution. Si02 It compares, and a mechanical strength is low, dimension stability is bad, temperature stability is 
bad, these desirable low k materials have hygroscopic degree and a high penetrance, its adhesive propeity is bad, and its stress 
level is [ a coefficient of thermal expansion is large and ] typically unstable. According to these attributes, a polymer and the 
material with other low specific inductive capacity are set in an integrated-circuit process or structure only by it, and it is Si02. It 
is a problem to use it instead. 

[0005] The technique and structure which accumulate HSQ and the material with other low specific inductive capacity on the 
patent application SN60 by the same applicant / 866 (ti-21880) are indicated. [ 013 and 866 ] Making the multilayer dielectric 
stack which consists of a layer in which a low k material and the conventional dielectric cany out alternation to this application is 
indicated. A brittler low k material can be made to bear impact by the stabilization layer inserted between the layers of a low k 
layer. 

[0006] The technique and structure which accumulate HSQ as a mesa isolation construction are indicated by another application 

SN60/(TI- 19738) by the same applicant. 

[0007] 

[Problem(s) to be Solved by the Invention] The technique of having been improved which has a property which was described 
above, and which is not desirable by this invention and which accumulates the material with low specific inductive capacity as an 
integrated circuit, and the process which needs especially a multilayer interconnection are offered. Especially this invention 
relates to improving the mechanical strength of low k layers, such as hydronalium ******** sesquioxane (HSQ), and crack 
resistance. 
[0008] 

[Means for Solving the Problem] It is obsei-ved that crack foiTnation of HSQ is influenced by factors, such as a curing 
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temperature, a hardening environment, the setting time, and a thickness. Crack suppression was successful to some extent by 
controlHng these conditions, indicating here -- more -- an ass - in order to attain a strike manufacture process and thick HSQ 
layer which does not have a crack substantially, it is the technique of rearranging the process step of the technique of the 
conventional technique, and reducing the crack of HSQ further Generally, the process of this invention is covering with a stable 
thin film mechanically [ permeability ], before hardening HSQ. 

[0009] In the example, a wiring is pattemized first and it is etched. Low k materials, such as hydronalium ******** sesquioxane 
(HSQ), carry out horizontal OFF of the wafer front face, spin coating is carried out and the field during a wiring is filled. As for 
HSQ, it is advantageous to make it thicker than what is obtained with the structure of the conventional technique. Next, Si02 The 
dielectric stabilization cap layer of a grade is formed in the crowning of HSQ. Next, HSQ is heated and stiffened on a hot plate. 
Next, thin Si02 The flattening of the flattening layer can be fonned and carried out. another example -- HSQ and Si02 a process 
step " repeating a multilayer it can be referred to as HSQ 

[0010] The advantage of this invention is that a process step is not added compared with the existing HSQ process. A cost is not 
added to a process step essentially being rearranged serially, therefore adding the profits of a new process. 
[001 1] Other advantages of this invention are being able to use an elevated-temperature (> 450 degrees C) process following 
formation of HSQ. For example, elevated-temperature kiln hardening of the formation of oxide-film high concentration, a reflow, 
etc. is attained, and the non-**** of a dielectric is improved. 

[001 2] Another advantage is 02. And it is an oxide film is "recoverable" before the process which follows using H2 0 hardening. 
[00 1 3] Furthermore, since HSQ is protected from a plasma by the cap layer, if it is required, it is being able to use oxygen plasma 
ashing with an impurity. Moreover, this invention is combinable with the above mentioned technique of reference application. 
[0014] 

[Embodiments of the Invention] With reference to drawing 1 , the example of this invention is shown and HSQ 1 8 is deposited 
between the wirings 14 on the semiconductor substrate 1 0. HSQ can be formed by the technique indicated by one and the 
aforementioned reference application of the technique of some common knowledge. The thin dielectric cap layer 20, i.e., a 
stabilization layer, has covered HSQ layer. An addition low k material layer can be formed following a cap layer. Next, the field 
between metals can be completed by the dielectric layer between flattening metals 22. 

[00 1 5] With reference to drawing 2 a- view 2 b, a series of step which forms the example of this invention expressed with the 
completion structure of drawing 1 is shown. The semiconductor substrate 1 0 covered with the dielectric layer 1 2 by drawing 2 a 
is shown. The example which this invention illustrates is turned to reducing the capacity during the wiring on an integrated 
circuit. Since these wirings are typically arranged on the top face of the active device made on the front face of the wafer of 
semiconductor materials, such as a silicon crystal, the semiconductor substrate 10 contains some layers of various semiconductor 
materials which usually constitute the active component of a semiconductor device. In order to simplify, these layers and devices 
do not illustrate. Let the dielectric layers 12 be the arbitrary materials suitable for insulating the metal wiring 14 from the 
component and other materials of a lower layer which are shown all together as a semiconductor substrate 1 0. 
[0016] Preferably, a wiring makes an aluminum layer deposit on the desirable flat dielectric layer 12, and is formed. By the resist, 
the mask of the aluminum can be carried out, it can be pattemized, and can etch by 1 technique in .some well-known technique. 
By this procedure, the metal wiring 1 4 which is shown in drawing 2 a is obtained. The technique of this invention uses the high 
metal of an aspect ratio, and the thickness of a wiring metal is larger than width of face. Maintaining the narrow spacing of a 
high-density circuit, the high wiring of an aspect ratio is useful, although wiring resistance is reduced. A wiring and the 
connection between lower layer circuits are expressed by beer and the plug 16. The number and position of beer are decided by 
design of a lower layer circuit. 

[00 1 7] HSQ 1 8 formed in drawing 2 b between wirings 1 4 on the wafer front face is shown. Preferably, HSQ 1 8 is formed of a 
spin coat process by sufficient thickness to fill the important field during the metal wiring 14 shown in drawing 2 b. A desirable 
material is ************** sill sesquioxane (HSQ) which has parvus specific inductive capacity rather than about 3. This 
material is manufactured in Dow- Jones- Coming, Inc., and is sold by the trademark of FOX, and is sold by the trademark of HSSO 
also from Allied Signal, Inc. Next, partial hardening of the HSQ is preferably carried out at about 300 degrees C by hot-plate 
****** on a spin coater. 

[0018] Then, the stabilization cap layer 20 which is shown in drawing 2 b is formed in HSQ 18. The nucleation of a micro crack 
and propagation are prevented and a cap layer is 02. And H2 0 kiln hardening is enabled, thicker HSQ layer is made possible, 
without producing a crack, and a flattening is improved. A cap layer thickness can be optimized according to the intensity and 
thickness of HSQ. A cap layer is the dense plasma Si02, plasma Si3 N4, and the fluoride Si02. Or it can consider as other 
suitable dielectrics, beer - in order to use the chemical action based on the same CF as using it dirtily for etching - plasma C VD 
Si02 A cap layer is desirable, a cap layer thickness - desirable 1,000-3,000** - it is about 2,000** most preferably 
[0019] HSQ can be hai'dened after formation of the cap layer 20. The nucleation of a micro crack and prevention of propagation 
are helped, and a cap layer is 02. And H2 0 kiln hardening is enabled, thicker HSQ layer is made possible, without producing a 
crack, and a flattening is improved. 

[0020] Then, it is Si02 with about 16,000 thin ** to the cap layer 20. The flattening of the dielectric between layers 22 can be 
formed and carried out. After carrying out the flattening of the dielectric between layers, it becomes the stmcture which is shown 
in drawing 1 , Si02 in which deposits the dielectric between layers by plasma C VD (PEC VD), and a flattening is carried out by 
chemical machinery polishing (CMP) in the desirable example it is . It is Si02 when this invention arranges low dielectric 
materials between the conventional dielectric materials so that it may explain in full detail behind. The advantage of the material 
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with low specific inductive capacity is combined. A structural stability, tackiness, thermal conductivity, etc. are Si02. It is 
improved with other suitable dielectrics. 

[0021] The technique of this invention can be repeated and the multilayer interconnection accumulated mutually can be formed. A 
multilayer example is shown in drawing 3 . The beer between layers and the contact 16 are required for the typical multilayer 
interconnection. Usually, these beer is made, after forming and cairying out the flattening of the dielectric between layers by the 
well-known technique. 

[0022] The liner layer 24 is also shown in drawing 3 . The liner layer 24 can be used in order for HSQ not to contact wiring 1 4. A 
liner layer can be used as ******** toppings, i.e., a protection exaggerated coat layer, such as C VD silicon oxide. Next, a spin 
coat is carried out on the wafer front face on HSQ material liner layer. 

[0023] although the structure shown in drawing 1 is similar to the structure of the conventional technique, the important 
characteristic feature is observed --**** By the technique of this invention, HSQ can be formed more thickly than the former. In 
order that thickness may increase, by having the lower material of specific inductive capacity between metal wiring layers, wiring 
capacity can be reduced and the ************ capacity during the wiring on the same metal layer can also be reduced, the 
structure of the conventional technique which uses the technique of the conventional technique the maximum flat-surface field 
- thick - 26 " about 4,000** it is — a maximum of [ on wiring 28 ] - HSQ was about 1 ,000** When using the technique of 
the conventional technique, the remarkable crack problem arose in HSQ formed on such maximums. The example of this 
invention contains HSQ on the field thick wiring [ larger than 4,000** ] 28 larger than 26 and 1 ,000**. 
[0024] Another example of this invention is shown in drawing 4 . This example has applied the technique of this invention to the 
structure of S/N60 (TI- 19738). It is indicating that HSQ is arranged at separation Mizouchi and this application performs an 
elevated-temperature-proof trench pad. With this structure, when the cap layer was given to HSQ before kiln hardening, it turns 
out that it is also advantageous. Without doing detrimental influence by the cap layer especially, HSQ layer can be thickened and a 
thickness can make it thicker than 1 micrometer. Moreover, it is 02 of HSQ by the cap layer. H2 0 kiln hardening to do can be 
performed and deflation of HSQ layer is reduced. 

[0025] As shown in drawing 4 , the silicon substrate 10 has the separation slot 30 which separates contiguity active devices, such 
as a transistor 32. The nitride cap 22 is CMP stopper of an oxide-film flattening while he is the hard surface mask blank of slot 
formation etching. Preferably, next, the spin coat of the substrate is cairied out by HSQl 8. Preferably, next, partial hardening of 
HSQ18 is carried out by hot-plate ****** on a spin coater. It is fornied as the capping layer 20 which is PETEOS preferably 
described above. After forming a capping layer, HSQ is N2 [ 1 50-degree C ] and 02. Or kiln hardening is safely carried out 
among [ H2 0 ] 850 degrees C. Kiln hardening is performed most preferably for about 30 minutes for 1 5 to 100 minutes. 
[0026] Another example of this invention is shown in drawing 5 . In this example, HSQ layer is used as a poly-metal dielectric 
layer. The silicon substrate 1 0 has the one or more gates 34 like understanding from drawing 5 . The gate contains the separation 
slot 30 which separates a contiguity active device. Preferably, the spin coat of HSQ 18 is carried out to a substrate front face. 
Preferably, next, partial hardening of HSQ 18 is carried out by hot-plate ****** on a spin coater. It is formed as the capping layer 
20 which is PETEOS preferably described above. After formation of a capping layer and HSQ are N2 [ 1050-degree C ] and 02. 
Or kiln hardening is safely carried out among [ H2 0 ] 850 degrees C. Kiln hardening is about 30 minutes most preferably for 1 5 
to 100 minutes. This example can be used combining the example of above mentioned another side. 

[0027] this invention is considered as use combining the structure and technique which were again indicated by application by the 

same applicant who described the stabilization layer above. 

[0028] 

[Table 1] The outline of an example and a drawing is shown in a table. 



3of5 



11/1/01 1:41 PM 



http:/Avww4.ipdtJpo.go.jp/cgi'bin/tran_web_cgLejje 



m 




-mm 




10 






GaAa 


1 2 








14 




Efi 


TiN/Al/IiN.Cn.I 


1 6 








18 


HSQ 


mtmmtn 


ii?lJV- 


20 


TEOS 






22 


Si 0, 




7 7^kSiO„Si,)l„ /Yr^>K, 


24 






7 7'ffcSiOs 


30 








32 








34 









[0029] Although this invention has been explained with reference to an example, this explanation does not have 
constraint-implications, the correction and combination with examples various if it is this contractor and an explanation will be 
read illustrated not only in other examples -- obvious it will be . All of such correction or an example shall go into a claim. 
[0030] The following application for which the cross-reference same applicant of related application applies relates to this 
application, and is incorporated here as a part of this indication. 

Application TI case Filing date of application Title S/Ns 08/137,658 TI- 18509 10 / 15/93 The capacity between wirings 
Flattening structure S/Ns 08/298,807 to reduce TI-19532 08/03/94 Wiring capacity improvement S/Ns 08/455,765 during a 
metal lead TI-1 8929AA 05 / 3 1/95 Flatness embedding the insulator with low specific inductive capacit}' ********** method 
S/Ns 60/005 132 TI-20784 10/12/95 Low cap acit}^ wiring stmcture S/N60for integrated circuits/ T 1-2 1 907 10/25/95 High 
temperature duction wiring stinacture S/N60/ TI-2 1 909 1 2 / 04/95 The low for integrated circuits which used the decomposition 
polymer Capacity wiring structure S/N60 / 866 TI-2 1880 03 / 22/96 Low capacity wiring stmcture S/N60for integrated 
circuits/which used the material with low specific inductive capacity [013, 866 ] TI-1 9738 07 / 30/96 A fluid oxide film is used 
as a **** material. ** for ** silicon-on in ******** techniques ** separation **** process [0031] The following terms are 
further indicated about the above explanation. 

(1) the step to which it is the formation technique of micro erection ****** structure, and this technique hardens the step which 
prepares (b) semiconductor substrate, the step which forms a hydronalium ******** sesquioxane layer on the (b) 
aforementioned substrate, the step which forms a capping layer in the (c) aforementioned hydronalium ******** sesquioxane 
layer, and (d) hydronalium ******** sesquioxane layer at kiln - since - the technique of becoming 

[0032] (2) the step to which it is the formation technique of micro erection ****** structure, and this technique hardens the step 
which prepares the semiconductor substrate which has (b) metal wiring, the step which forms a hydronalium ******** 
sesquioxane layer on the aforementioned wiring of the (b) aforementioned substrate, the step which forms a capping layer in the 
(c) aforementioned hydronalium ******** sesquioxane layer, and (d) hydronalium ******** sesquioxane layer at kiln since - 
the technique of becoming 

[0033] (3) It is the technique by which it is the technique of the 1 st term or the 2nd-term publication, and the aforementioned 
hydronalium ******** sesquioxane is formed between the wirings on the aforementioned substrate. 

[0034] (4) Technique containing the addition step which is the technique of the 1 st-term publication, and prepares a liner layer on 
the aforementioned conductive wiring further before foiming the aforementioned hydronalium ******** sesquioxane. 
[0035] (5) It is the technique by which it is the technique of the 1st term or the 2nd-term publication, and the aforementioned 
hydronalium ******** sesquioxane is formed in separation Mizouchi on the aforementioned substrate. 
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[0036] (6) Being the technique of the 1st term or the 2nd-temi pubHcation, the aforementioned capping layer is Si02. And S3 N4 
and fluoride Si02 Technique chosen from a group. 

[0037] (7) It is the technique are the technique of the 1 st term or the 2nd-tenn publication, and the aforementioned kiln hardening 
has an environment from Cx Hy, Cx Fy, N2, 02, H2 O, and foaming gas (mixture of H2 and N2). 
[0038] (8) It is the technique of being the technique of the 7th-term publication and having the temperature with the 
aforementioned kiln hardening higher than 400 degrees C. 

[0039] (9) It is the technique of being the technique of the 7th-term publication and having the temperature with the 
aforementioned kiln hardening higher than 800 degrees C. 

[0040] (10) How to repeat step (b) to (d) next and make multilayer-interconnection structure including the addition step which is 
the technique of the 1st term or the 2nd-term publication, and carries out the flattening of the aforementioned dielectric following 
deposition. 

[0041] (11) the hydronalium ******** sesquioxane layer which does not have a crack substantially [ are micro erection ****** 
structure and ] on (b) semiconductor substrate and the aforementioned substrate which has thickness larger than (b)about 4,000 
** " since ~ the becoming structure 

[0042] (12) It is the structure where are the structure of the 1 Ith-term publication and the aforementioned hydronalium ******** 
sesquioxane is formed between the wirings on the aforementioned substrate. 

[0043] (13) It is the structure where are the structure of the 1 Ith-term publication and the aforementioned hydronalium ******** 
sesquioxane is formed in separation Mizouchi on the aforementioned substrate. 

[0044] (14) Being the structure of the 1 Ith-term publication, the aforementioned capping layer is Si02. And S3 N4 and fluoride 
Si02 Structure chosen from a group. 

[0045] (15) It is the structure where are the structure of the 1 Ith-term publication and the aforementioned hydronalium ******** 
sesquioxane is formed as a poly-metal dielectric on the device gate on the aforementioned substrate. 

[0046] (16) The technique of having been improved which accumulates HSQ into integi-ated-circuit structure, and the process 
which needs especially a multilayer interconnection are oftered. In the example, wiring 14 is first pattemized on a substrate 10, 
and it is etched. Low k materials, such as hydronalium ******** sesquioxane (HSQ), carry out horizontal OFF of the wafer front 
face, a spin coat is carried out and the field during a wiring is filled. Capping layers, such as Si02 20, are formed in the crowning 
of a low k material. Next, heating hardening of the HSQ is carried out. Next, thin Si02 The flattening of the flattening layer 22 
can be formed and carried out. another example — HSQ and Si02 a process step — repeating — a multilayer — it can be referred 
to as HSQ 



[Translation done.] 
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PROBLEM TO BE SOLVED: To provide an improved method of 
depositing HSQ (hydrocinsilsesquioxane) in an integrated circuit 
structure and a process where a required multilayer interconnection is 
formed. 

SOLUTION: First, a wiring 14 is patterned on a substrte 10 by ethcing. 
Low-k material such as HSQ(Hydrocinsilsesquioxane) is applied onto 
the substrate 1 0 by pin coating traversing its surface so as to fill up 
regions between wirings. A capping layer such as an Si02 layer 20 and 
the like is formed on the top of the applied low-k material layer. Then, 
the low-k material layer 20 of HSQ is cured by heating. Then, a thin 
Si02 flattening layer 22 is formed for flattening. In another method, an 
HSQ and Si02 process is repeatedly carried out for the formation of a 
multilayered HSQ. 
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